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N2000

First Delivery Performance

First Delvery Performance Relative to Mars Pathfinder

e Comm capabilty 1000 x improvement
o Computer perf 10-2 0 x improvement
e Avionics mass 2x decrease
e Avionics vol 4x decrease
o Digital elect pwr 10x decrease
e Analog elect pwr 2x decrease
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Core Spacecraft for Next Wave

“V.

Europa Orbiter

Pluto/Kuiper Express

First Delivery

W,

Solar Probe

Mars Sample Return

Champollion
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First Delivery
N2000 —
AN INTEGRATED and QUALIFIED engineering model FLIGHT and GROUND SYSTEM

ARCHITECTURE, DESIGN, H/W & S/W; specifically:
* Flight System Micro-electronics

— Computer, memory, & mass memory
* Neural Network
» Digital Signal Processor
— Power & Pyro Switching
— Sensor/Instrument /O
— Scaleable, modular, long life
— RAD hardened designs, parts, & materials
— Low Temperature, low power
— Optical Comm
® F/S and GND S/W with W.S:
— Operating systems
— Generic auto NAV, 3-Axis A/C
— Generic F/S-GND autonomy
— Generic F/S-GND science data processing
— Generic GND CMD/TLM processing/display
* ARPS power source
* Hydrazine microthrusters and variable propellant regulators

 Other: Additional micro-electronic components, structure, thermal, propulsion, etc. as budget
allows

GND = Ground W.S. = Work Station A/C = Attitude Control I/O = Input/Output Interface

FI/S = Flight SystemS/W = Software CMD = Command TLM = Telemetry ARPS = Advanced Radioisotope Power Source DFW- 4



Y2000
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X2000 First Delivery Block Diagram
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. Elements of First Delviery

Legend: SCI - science
VDE - Valve Drive Electronics
W/S - workstation

GSE - Ground Support Equipmen
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Europa Orbiter; SEP Coigfiration

N2000 =

Op Comm Terminal

Fuel Tank

Propulsion Module

Interplanetary Injection Stage
(Solar Electric Propulsion-SEP)

DFW- 6



Europa Orbiter Baseline Configuration
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X2000 Bus with Ti Frame, Exploded View
N2000

Tl & IR Spectrometer

Medium res. Camera Radiator
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Atimeter
Transmitter

Wide Angle Camera

Star Trackers Sun Sensor

Louvers Analog
Elect.
Battery Stack Y
Digital
Elect.
Stack
Sun —t)
Sensor
MG Antenna
" Rador Electronics

Optical Comm,
High res. Camera,
Atimeter Receiver

=

Sun Sensor

Radar
Europa SC bus Antenna
Exploded view
7.30.1997
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X2000 Packaging Solutions: Modular Architecture Adapts

to Multi-Spacecraft Missions
Y2000 —

EXTERNAL I/O

CAPABILITY J_ NEW SUPPORT FRAME

provides s ystem flexibilit 'y

i NEW Z-AXIS CONNECTOR
Guide Pin / Retainer [ versatile s ystem inte gration
eliminates bolts & nuts & test

i)
W=

H

HMC ASSEMBLY

HMC ADVANTAGES: CHAMPOLLION
INTEGRATED SLICE

1. Common Modular Design
for all subsystems

Europa Orbiter
' _ 2. Designed for Manufactability

3. Designed for Test & Integration

4. Expandable

5. Provides improved thermal,
dynamics, radiation and
EMI/EMC design Champollion Lander
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N2000

Power Microelectronics Technologies

Pwr Mgt & Distribution

| PWR MOSFETS 1 thru 1]

PMAD Target Technology:
Power MOSFET switches,

- >91% conversion efficiency,
Power g(‘;‘gtt‘r:gl advanced magnetic structures
Converter ASIC for minimum package height
DATA Protocol
BUS Chi
I/F P
Power Control
rl B .-u“ “h Shunt
e Regulator
Power Ctrl &

e
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PHDI Module
Pyro Electronics
P Pyro
c ower Drive
onverter Circuit
DATA Protocol
BUS Chi
IIF P

Converter TLM ASIC

DATA Protocol
BUS Chi
I/F P

Power Control & Pyro Electronics
Capatalize on PMAD development

Overview

Current Technology: PC Board packaging, discrete
component control circuit, relay enable and command
switches and SCR fire circuit for pyros

Target Technologies:1. Mixed signal ASICs, 2. Power

High Density Interconnect (PHDI) packaging, 3. modular
fault tolerant design

Benefits: 1. Reduce mass and volume, 2. standard
command interface3. Provides peak power at

maximum load, 4. configurable to various power source
characteristics

Impact of Fallback: Several kg mass increase,
increase in volume

Key Issues: Laser vs. NSI Pyro technology,
thermal design, fault tolerant control circuit

PMAD - Power ManagBmant Eid Distribution



Advanced Radioisotope Power Sou(B&PS)

N2000 Technology S
Overview
i  AMTEC cells
|| 1 Current Technology: Galileo/Cassinheritage RTG with 6-7% efficiency
E / unicouple conversion
1 il Target Technology: >20% conversion using either AMTEC
;
é Benefits: Mass reduction, smaller quantity of radioisotope
GPHS “bricks” L . o -
ﬁé FIcKs Key Issuestifetime; efficiency; radiator size; heat rejection temperature

Impact of Fallback: > 12 kg mass increase

3x Efficiency over RTG’s

130 watts after 15 yrs
Design is scaleable in 50W Units

Uses Cassini GPHS

GPHS = General Purpose Heat Sourd®TG = Radioisotope Thermoelectric Generator
AMTEC = A thermally regenerative electro--chemical device converting heat to electricity directly using a solid electroly&aled iared has no ** -~

moving parts. Advanced Modular Power Systems (AMPS) is a small business licensed to develop these deviciedycommer



Optical Communications Technology
Y2000 —

Overview

Telescope Current Technology: X/Ka-band RF telecommunications syster

.

Target Technology: 30-cm optical comm terminal, uplink &
downlink

Benefits: Dramatic increase in telemetry rate at mass and
power levels equivalent to RF telecom system; see plot below

Key Issuestifetime, system-level fault protection

Optics Table Impact of Fallback: Reduction in science data returned

Downlink, kbps

(from Jovian Orbit)

100 ------===-==-=

10r---------- =

Total Downlink during 4hr track:
RF: 14,400 s x 10 kbps = 18 MB
Op Comm:

14,400 s x 100 kbps = 180 MB

tb
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N2000

Technology Comparisons

—
MPF Technologies Ist delivery technologies

e RF telecom (basically a buy) e Optical Comm
e Attitude & Information Management S/S e AM++ AM+ PPS + Optical Correlator/Neural Net)
e RAD6000 (LMFS absorbs $.5M) e PowerPC
e Software/Autonomy e Software/Autonomy

- object-oriented FSW - object oriented

- Well-used COTS Tools - unified flight ground architecture

- next generation autonomy
- COTS Tools
e Benign rad environment (200 rad) e Rad hard parts & materials program (Mega-rads)
e Some partners e Apartnering hoedown
e Select engineering processes e Develop new processes
e Hydrazine RCS system e Propulsion Technologies: bi-propellant, hydrazine
microthrusters, etc

e Entry, Descent, & Landing (EDL) e No EDL

- critical sequence - orbit injection sequences are critical

- airbags

- rad rockets

- aeroshell
e Reliability: class C, short mission e Reliability: long-life, dual string
¢ Relied on heritage for many parts & materials e Amost entirely new development
e Basically two instruments e Several instruments
e Bare-bones functionality, capability-driven, e Science driven requirements, many technology

one customer enhancements, many customers

e Solar powered design e Radioactive power supply (+ DOE interface)
e Standard voltages e Push to low voltages

MPF EM $~ 104M

1st delivery budget ~ $86 M
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